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The nerve growth factor and its receptor are important
in nerve growth, differentiation, maturation, and main-
tenance. In order to explore the exact distribution of p75
low-affinity nerve growth factor receptor (p75 NGFr)
expression in cutaneous nerve fibers, p75 NGFr and
neuron-specific enolase double immunofluorescence and
immunoelectron microscopic studies were conducted on
normal human skin samples. After p75 NGFr and neuron-
specific enolase immunofluorescence double staining, the
dermal nerves were strongly p75 NGFr-immunoreactive
(IR); however, very few p75 NGFr-IR nerve fibers were
found in the epidermis. p75 NGFr immunoreactivity was
found mainly in the peripheral part of cutaneous nerve
trunks and fibers, whereas neuron-specific enolase
immunoreactivity was mainly seen within the axons.
After ultrastructural immunostaining, the Schwann cell
In human skin, there is a rich distribution of nerve fibers andfree nerve endings. Most of them occupy the upper dermis,but many of them also extend into the epidermis (cf. Wanget al, 1990; Hilliges et al, 1995). The cutaneous nerve fibers arecomposed of the axons and their terminal branches, which are
surrounded by the cytoplasmic sheath of Schwann cells. Most of them
are believed to be sensory nerve fibers. Recently, neurotrophins, such
as nerve growth factor (NGF) and its receptor (NGFr), have been
demonstrated to be of great importance in the normal development
of the peripheral nervous system (Levi-Montalcini and Angeletti, 1968).
They are both essential for the survival of certain nerves, especially the
sensory ones (Lee et al, 1992). Their effects include normal neurite
outgrowth, neuroneal differentiation, survival of large numbers of
neurons, and supporting the rescue of injured and diseased nerves
(Gage et al, 1988; Heumann, 1994). It has been reported that the
density of some nerves is dependent upon the local concentration of
NGF (Korsching and Thoenen, 1983). The NGFr complex is composed
of two kinds of transmembrane receptor proteins: those of the Trk
family (the high-affinity receptors) and the p75 pan-neurotrophin
receptor (the low-affinity type). Both of them can combine with
NGF and the two-receptor system can potentially lead to greater
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membrane was strongly p75 NGFr-IR. The Schwann cell
membrane facing the connective tissue was more strongly
p75 NGFr-IR than the part of the membrane close to
the axon; the Schwann cell cytoplasm nearest to the
membrane sometimes also showed a high p75 NGFr
immunoreactivity, whereas the rest of the cytoplasm was
generally more weakly p75 NGFr-IR; however, the axon
itself seldom showed any such immunoreactivity; actu-
ally, only a few parts of the axonal membrane revealed a
weak staining, leaving most of the membrane unstained.
The axoplasm was not p75 NGFr-IR. The results – that
in human cutaneous nerves it is mainly the Schwann cells
that express p75 NGFr immunoreactivity – further stress
the active role of the glial ensheathment in the control
and maintenance of a normal target innervation. Key
words: immunoelectron microscopy/immunofluorescence/neuron-
specific enolase/skin. J Invest Dermatol 111:114–118, 1998
responsiveness to NGF (Chao and Hempstead, 1995). The p75 nerve
growth factor receptor (p75 NGFr) has intensively been investigated
in the central and peripheral nervous system (mostly in animal tissue)
by many laboratories. In human skin tissue, at the light microscopic
level, p75 NGFr immunoreactivity has been localized in cutaneous
nerves at all levels, as well as in certain basal keratinocytes (Fantini and
Johansson, 1992) and in the Meissner and Pacinian corpuscles of the
human digital skin (Vega et al, 1993). At the ultrastructural level, p75
NGFr immunoreactivity has been studied in the lower lip of rats and
in primary and permanent canine tooth pulps of cats (Fried and
Risling, 1991; Ribeiro-da-Silva et al, 1991); however, the ultrastructural
distribution of p75 NGFr in human cutaneous nerve fibers is, at
present, unknown. To explore the exact distribution of p75 NGFr
expression in normal human cutaneous nerve fibers, immunofluores-
cence and immunoelectron microscopic studies were performed on
normal human skin samples. For comparative reasons, neuron-specific
enolase (NSE) was also employed in the part of the study utilizing
immunofluorescence.
MATERIALS AND METHODS
Immunofluorescence The resulting tissue from biopsies of normal healthy
volunteers (n 5 7) performed under local anesthesia with 1% Xylocaine without
epinephrine were investigated using immunofluorescence. The specimens were
immediately immersed for 3 h at 4°C in a 0.1 M phosphate buffer (pH 7.4)
containing 4% (wt/vol) paraformaldehyde and 14% (vol/vol) of a saturated
picric acid solution for fixation and then rinsed in the same buffer containing
10% sucrose for at least 24 h. Microm (Heidelberg, Germany) cryosections
of 14 µm, thawed onto gelatin-coated slides, were processed for indirect
immunofluorescence staining. The primary antibodies [mouse anti-human p75
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Figure 1. p75 NGFr and NSE double-labeling of cutaneous nerve fibers. Immunofluorescence p75 NGFr (A, C, E) and NSE (B, D, F) double-staining of
the same slides using different excitation lights, respectively. (A) p75 NGFr immunoreactivity in the peripheral part of a nerve fiber; (B) NSE immunoreactivity in
the central part of the same nerve fiber; (C) p75 NGFr-IR and (D) NSE-IR in the same cross-sectioned nerve trunk. In part (E), the arrow indicates a very weak
p75 NGFr-IR free nerve ending in the epidermis, whereas in part (F) the same free nerve ending (arrow) shows a strong NSE immunoreactivity. Scale bar, 50 µm.
NGFr (1:200, Amersham, Little Chalfont, U.K.) and rabbit anti-human NSE
(1:1200, UltraClone, Isle of Wight, U.K.)] were diluted in a 0.01 M phosphate
buffer containing 0.3% Triton X-100. The sections were incubated with these
antibodies overnight at 4°C in a humid atmosphere followed by incubation for
30 min at 37°C with fluorescein-isothiocyanate-conjugated donkey anti-mouse
and tetramethylrhodamine-isothiocyanate-conjugated donkey anti-rabbit IgG
anti-sera (both 1:160, Jackson, West Grove, PA), which were diluted in the
same buffer as the primary antibodies. All rinses before and after incubations
were performed with the same buffer solution described above. The mounting
medium contained para-phenylenediamine to prevent fading of the fluorescence
(Johnson and Nogueira Araujo, 1981). The respective sections were observed
and photographed in a Nikon Microphot-FXA fluorescence microscope using
different excitation lights. For quality control of the experiment, in order to
avoid nonspecific reactions of the first and secondary antibodies, normal serum
from the same species as the first antibody, diluted at 1:50, or a phosphate-
buffered saline were used on two slides instead of the first antibody, respectively;
to avoid a cross-reaction of the secondary antibody in the double-staining, two
slides incubated with mouse p75 NGFr antibody were reacted with the
tetramethylrhodamine-isothiocyanate-conjugated donkey anti-rabbit IgG and
two slides incubated with rabbit NSE antibody were incubated with the
fluorescein-isothiocyanate-conjugated donkey anti-mouse IgG. One per cent
normal donkey serum was also added to both the first and the secondary anti-
bodies.
Immunoelectron microscopy For the immunoelectron microscopy, corres-
ponding biopsies from healthy volunteers were immediately immersed in a
fixative containing 4% (wt/vol) paraformaldehyde, 0.2% (vol/vol) saturated
picric acid, and 0.1% (vol/vol) glutaraldehyde in a 0.1 M phosphate buffer
(pH 7.4) for 3 h at 4°C, followed by a rinse in the same buffer. Vibratome
sections of 100 µm were cut and subjected to a freeze-thaw treatment. Pre-
embedding immunostaining was performed according to the ABC method
(DAKO ABC kit, DAKO, Glostrup, Denmark). Briefly, the sections, after
immersion in 0.6% hydrogen peroxide for quenching endogenous peroxidase
activity, were incubated in the mouse anti-p75 NGFr antibody (1:200) overnight
at 4°C followed by immersion in a biotinylated goat anti-mouse IgG (1:100)
and an avidin-biotin-peroxidase complex (1:100), both for 60 min at room
temperature. The sections were then incubated in a medium containing 0.06%
3,39-diaminobenzidine and 0.03% hydrogen peroxide in 0.01 M phosphate-
buffered saline (pH 7.4). Post-fixation was carried out in 1% osmium tetroxide
for 60 min followed by dehydration in gradient ethanol. The tissues, after
immersion in propylene oxide and a mixture of 50% propylene oxide and 50%
Epon 812, were then embedded in Epon 812, and were afterwards polymerized.
Ultrathin sections were cut on an LKB III Ultrotome and no counter-staining
was carried out. The ultrathin sections were observed and photographed in a
JEOL JEM-1200 electron microscope. As a means of quality control, sections
were incubated as outlined above, but without inclusion of the primary antibody.
RESULTS
Different immunofluorescence demonstration of p75 NGFr
and NSE in cutaneous nerve fibers After p75 NGFr and NSE
immunofluorescence double-staining, the dermal nerves were strongly
p75 NGFr-immunoreactive (IR), as well as NSE-IR. The p75 NGFr
immunoreactivity was found mainly in the periphery of cutaneous nerve
fibers; however, in the central part, the p75 NGFr immunoreactivity
appeared weak, whereas the NSE immunoreactivity was mainly seen
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Figure 2. Ultrastructural demonstration of p75 NGFr in normal cutaneous nerve fiber components and basal keratinocyte membrane. Ultrastructural
immunocytochemistry of p75 NGFr mainly in Schwann cell membranes and the cytoplasm next to it (A–E). In parts (A)–(C), arrows indicate axons, a few parts of
p75 NGFr immunoreactivity in the axonal membrane are seen as well. Part (D) shows that the perineurium is weakly stained (arrowheads). Part (E) demonstrates a
strong p75 NGFr immunoreactivity in the Schwann cell membrane and in patches of the cytoplasm close to the membrane. Part (F) shows a p75 NGFr-IR basal
keratinocyte membrane (arrowheads). Scale bars, 500 nm.
within the central part of the axons (Fig 1A, B). In the nerve trunks,
this feature was more clearly demonstrated (Fig 1C, D). Very few p75
NGFr-IR nerve fibers were found in the epidermis and those found
were weak; however, NSE-IR free nerve endings clearly extended
into the epidermis (Fig 1E, F). The double-staining revealed an
obviously different staining pattern for the two markers in the same
nerve profile.
Ultrastructural demonstration of p75 NGFr immunoreactivity in
normal cutaneous nerve fiber components At the ultrastructural
level, many p75 NGFr-IR unmyelinated cutaneous nerve fibers were
observed in the dermis. In these nerve fibers, the Schwann cell
membrane was strongly p75 NGFr-IR (Fig 2A–E), with the Schwann
cell membrane facing the connective tissue being more strongly p75
NGFr-IR than the part of the membrane close to the axon. Certain
patches of the Schwann cell cytoplasm nearest to the membrane also
showed a high p75 NGFr immunoreactivity. Furthermore, a general
staining of the whole cytoplasm was demonstrated, sometimes with
different organelles exhibiting a somewhat higher immunoreactivity
on their outside. The axon itself seldom showed any labeling. Only a
few parts of the axon membrane revealed a weak stain, leaving most
of the membrane unstained. The axoplasm itself was not p75 NGFr-
IR (Fig 2B, C). Occasionally, the perineuroneal components showed
a weaker p75 NGFr immunoreactivity (Fig 2D). The basal keratinocyte
membrane was also p75 NGFr positive (Fig 2F).
Control experiments No specific staining was seen in the control
experiments (Fig 3).
DISCUSSION
It has previously been reported that the cutaneous nerve fibers and nerve
trunks are characterized by an intensive p75 NGFr immunoreactivity
(Fantini and Johansson, 1992). In our study, using p75 NGFr and NSE
double-staining, we noticed that in some small nerve fibers, and
especially in the nerve trunks, p75 NGFr immunoreactivity occurs
mainly in the peripheral part, whereas NSE immunoreactivity occurs
in the central part. Because the perineuroneal connective tissue, the
Schwann cell, and the axon are closely connected to one fiber profile,
it is difficult to exactly discern the different components of a nerve
fiber at the light microscopic level. NSE is a specific neuroneal marker;
thus, it demonstrates axons well (Schmechel et al, 1978). p75 NGFr
and NSE immunofluorescence double-staining, together with p75
NGFr immunoelectron microscopy, make it easier to see the exact
distribution of p75 NGFr in the cutaneous nerve fibers. Thus, the results
of this study have clearly demonstrated p75 NGFr immunoreactivity in
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Figure 3. Negative results obtained by p75 NGFr immunofluorescence
and ultrastructural immunocytochemical control experiments. Sections
processed for p75 NGFr immunofluorescence (A) and ultrastructural
immunocytochemistry (B), but without the primary antibody. No specific
immunoreactive structures are visualized. Note that without the positive
immunoreaction and parallel counter-staining, the contrast is weak in the
electron microscopic material. The thick arrow indicates a Schwann cell and the
thin arrow shows an axon. Scale bars: (A) 50 µm; (B) 500 nm.
the Schwann cell membrane and in some parts of the axonal membrane
of the cutaneous nerve fibers in the human adult.
These results show that in human cutaneous nerve fibers p75 NGFr
immunoreactivity mainly occurs in Schwann cells, with the most
prominent p75 expression apparently localized to the Schwann cell
membrane adjacent to the connective tissue. It has previously been
shown that such an immunoreactivity is strongly present at early
developmental stages, but subsequently, with the start of myelination,
a downregulation of the p75 NGFr expression takes place, until, in
the adult peripheral nerves, only the perineurium and a few endoneurial
cells remain positive (Scarpini et al, 1988); however, our results seem
not to support the view that p75 NGFr immunoreactivity is normally
only present in perineural cells in adults, but rather supports the
presence of p75 NGFr immunoreactivity in the axons and especially
in the surrounding Schwann cells. The fact that the most prominent
p75 NGFr expression apparently is localized to the Schwann cell
membrane adjacent to the connective tissue, would suggest an active
role of the target tissue, through Schwann cells, in the control and
maintenance of a normal sensory innervation. In addition, it has been
revealed that, during development, the expression of NGF receptors
in cutaneous sensory fibers does not begin until the cutaneous target
fields are reached by these fibers (Davies et al, 1987). This fact, together
with the demonstration that NGF synthesis in the developing skin is
activated only after a sensory innervation has been established, further
supports an active role for the target surface epithelium in the control
and maintenance of normal sensory innervation.
At the ultrastructural level our results have demonstrated that p75
NGFr expression is stronger in Schwann cells than in axons, which is
similar to the results of Wakabayashi et al (1995), who demonstrated
the p75 NGFr mainly in Schwann cells in the human urinary bladder.
The function of the p75 NGFr is currently not fully understood. It is
related to both neuroneal cell growth [e.g., by increasing the rate of
NGF binding to the high-affinity NGFr (Mahadeo et al, 1994), by
modulating Trk tyrosine kinase activity (Verdi et al, 1994), and through
retrograde transport of neurotrophins (Johnson et al, 1987)] and cell
apoptosis (Rabizadeh et al, 1993). Many biologic functions appear to
be realized only through the p75 NGFr in Schwann cells. For instance,
in the absence of TrkA, the NGF, through binding to p75 NGFr, may
activate the transcription factor ‘‘nuclear factor kappa B’’ in the Schwann
cell (Carter et al, 1996), which is a potent gene expression regulator
(Baeuerle and Henkel, 1994). And the p75 NGFr, binding with NGF,
promotes Schwann cell migration (Anton et al, 1994), which might
be critical in Schwann cell-guided axonal growth, branching, and
regeneration. Finally, the labeling of certain organelles may indicate an
internalization process; however, this speculation needs to be clarified
in future studies.
It is well accepted that the target tissue may play a maintenance role
for the skin sensory nervous system under normal circumstances. It
has also been found that the keratinocytes can produce the NGF as
well as its receptor (Davies et al, 1987; DiMarco et al, 1991; Fantini
and Johansson, 1992), both of which are thought to support cutaneous
innervation and maintain normal sensory functions. Also, an over-
expression of epidermal NT-3 may increase the fiber number as well
as enhance innervation (Albers et al, 1996).
Our results, therefore, suggest that target maintenance and regulation
mechanisms actually may be realized, at least partly, through Schwann
cells. The Schwann cells may play a role in the regulation of axonal
branching, axonal growth, sensory function maintenance, and injured
axon repair.
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